Wood printer is the important research object for nearly 20 years, Nozzle system is the core components of 3D printer. In order to solve the market demand for personalized custom solid wood furniture and model design, this paper discussed a variable nozzle of wood 3D printer, using wood powder as raw material, has the advantages of the organic and environmental protection. Wood powder and adhesive by using the conveyer device to transport to the mixing device, then through the nozzle extrusion piled up on the operation panel to form the finished product. The size of spray hole is controlled by magnetostrictive material. The experiment shows that this kind of nozzle has good print effect, high efficiency, difficult to be blocked, and it has the good value of promotion.
INTRODUCTION
The core technology of the 3D printer originated in the United States in the 19th century (Sood and Ohdar, 2010) , and has prototype in the mid of 1980s. 3D wood printer technology obtained the substantial development in nearly 30 years, especially in the prototype design of the product and test (Zhao, 2011; Liu, 2009; Du, 2004) . In a purely by chance, a Thing verse member use his 3D printer, using wood as raw material, to print out a model, and show on internet immediately. This wood model attracted the attention of the people. Then, the French producers, Jeremie Francois, began to study wood 3D printing, popular from then on. Nowadays we can use more and more 3D printing materials, but wood has the advantages of organic and environmental protection. Now wood 3D printing lumber compared with traditional 3D printing has a unique aesthetic value (Laplume, Petersen and Pearce, 2016; Gebler, Uiterkamp and Visser, 2014) . And, Francois found that wood printer prints out different colors of products under the different temperature condition. Color would be like pine logs when in low temperature, or would be deep color in high temperature. Through change the high or low temperature, would make color similar to natural wood grain, the product seems more real and nature.
Samir Shah, the AXYZ founder, is manufacturing solid wood furniture through the wood 3D printing, which is not inferior to the manmade, more economical and practical, can also be personalized customization. But so far, the company is still not released the operational details of this technology. Inventor Kai Parthy created the world first kind of woodiness material LAYWOO -D3 for desktop 3D printer (Lee, 2003) . Like the other 3D printing material on the market, it can be melting, extrusion, and it is made from 40% recycled wood fiber combined with polymer adhesives. China manufacturers PopBit invented a material is also a kind of Wood material, named Pop Wood, it is a new kind of composite material, composed of poplar powder, and applicable temperature range is 170-230°C.
In this paper, the effect of printing speed and volume is considered, and the printing process is optimized by adjusting the proportion of wood powder & adhesive and its mixing pressure, the effect of spraying is improved. The nozzle with variable diameter made of magnetostrictive material, can improve the printing speed, and also can reduce the blocking probability.
TYPE OF 3D PRINTER TECHNOLOGY
According to the different principles (Li and Nasser, 2008; Dimitrov, 2006; Sangjun and Syed, 2009; Xiong and Feng, 2006; Du, 2004) , 3D printer has a lot of different types, different printing technology also have a lot of different in the selection of materials. Printing technology used 3DP (Three-Dimensional Printing), FDM (Fused Deposition Modeling), SLA (Stereo Lithography Appearance), SLS (Selected Laser Sintering), DLP technology, UV laser forming molding technology. The raw material for 3DP technology and SLS technology is powder, so they can be used as technology support for wood 3D printer. The product is shown in figure 1. And the 3D printer is shown in figure 2 . 3DP printing is the printing technology which use the powder as the printing material (for example, ceramic powder, metal powder, wood powder, etc.). Working principle is to use the nozzle to spray the powder form a desired shape layer on the work table, then spray the adhesive in the upper layer, by constantly repeat these two processes, finally print out a product, that is all work flow. Using 3DP printing technology to print the product can get a good required color, and the actual product appearance is basically the same. The principle is shown in figure 3.
Figure 3. Technology Schematic of 3DP
Because of the high cost and more complicated technology, the 3DP technology is mainly used in the professional field. Currently, the only one desktop level project is PWDR, so the subsequent progress of this technology is still required to observe. In addition, the product made through the powder adhesive, its surface is more rough, fine degree is relatively poor, so in order to print out the products can be used, it needs a series of subsequent processing.
The nozzle is an important research part of 3D wood printer. Its structure and performance has great effect on the quality and subsequent control of 3D wood printer.
If only design a 3D printer use powder as raw material, the simplest method is 3DP technology, a layer of powder, a layer of adhesive, multi-layer stacking. 3DP technology has strict requirements for the shape and quantity of the powder spray on the lift worktable. But because the wood powder is different from metals, ceramics and other hard powder, it is too soft and light, and hard to control, cannot reach technology requirement.
The basic principle of this design is mix the wood powder and adhesive, raw material processing is similar to the 3DP technology, printing process is similar to the FDM technology, raw materials mixing, layer by layer printing, layer upon layer stacking.
Transport wood powder and adhesive into mix device by tube, then fully mixing, form a liquid solid similar outfit mixture, the mixture through output catheter into the nozzle. Based on FDM technology, it through with a fine spray nozzle to squeeze out, the mixture will deposit on the worktable or a layer of solidified material. When the temperature is lower than the curing temperature, it began curing, through material curing layer upon layer to form the final product. Because of mixing make powder and adhesive connection more stable, compared with 3DP technology, this type of product intensity is higher. FDM printing technique has very high requirements for temperature, and heat preservation conditions is important for a successful FDM printing technology. Wood raw material is different from FDM commonly used plastic and other raw materials, it has good heat preservation effect, with congenital advantage for temperature, so forming rate is higher.
OVERALL STRUCTURE OF NOZZLE SYSTEM
Nozzle system as the core of the 3D printer technology is the main research aspects. According to the overall framework of 3D printers, technology demand, chose the nozzle type and set the nozzle data parameters. Wood 3D printer nozzle structure consists of the following parts, the nozzle, heat dissipation device, fixed plate, mixing device, powder conveying device, shell. And, motor selects a generally desktop level 42 stepper motor, its data are shown in table 1. In accordance with the section shape of the parts, Wood 3D printer use the precision injection nozzle spray out the mixture of powder and adhesive, then formation of cross section profile. After a layer is formed completely, then spray another layer of mixture, do the cycle until the part is printed completely, after postprocessed, the part processing is finally finished. The overall structure is shown in figure 4 . 
Magnetic Controlled Variable Diameter Nozzle Structure
The nozzle structure is composed of nozzle, nozzle pipe, heating element, heat preservation sleeve and shell. The nozzle made of brass, has a 2~5mm variable diameter spray hole and external screw connection, which is two times as large as the most commonly used nozzle in the market. The pipe connecting nozzle and material output tube. Heating elements to make the material dissolved more completely, more easily transported out from the nozzle to ensure that the flow of materials. Heat insulation sleeve to ensure the operation at constant temperature. Although the wood material itself has the effect of heat preservation, but compared to FDM, this system has higher requirements for temperature. The shell fixed whole nozzle structure. The structure diagram is shown in figure 5 . 
In the formula (1), the  L said the material length variation, L said raw materials original long.
The definition of the giant magnetostrictive material is measured by the ratio of the magnetostrictive, when the ratio of the magnetostrictive rate is greater than 1e-3, it is called the giant magnetostrictive material.
Compared with the current piezoelectric ceramic materials, the giant magnetostrictive material has better performance (Yijie Wu,2004; A.G Olabi AGrunwald,2009 ):
(1) Compared with the traditional piezoelectric ceramic materials, the amount of the magnetostrictive material is larger, and the strain value of the single crystal material is up to 1500 ~ 2000ppm.
(2) Giant magnetostrictive materials can withstand greater pressure than the piezoelectric ceramic materials, and the pressure can be as high as 300MPa.
(3) The response speed of the giant magnetostrictive material is much faster, and it is suitable for the fast response of the actuator component.
(4) It can obtain very high magnetostrictive strain value under the low magnetic field, the output stress is big.
(5) The energy conversion efficiency is particularly high, and the frequency bandwidth, the frequency characteristic is good.
(6) Compared with the piezoelectric ceramic materials, the required driving voltage is lower. (3)
The magnetostrictive rods are symmetrically arranged on the electrified solenoid, solenoid is energized to generate enough magnetic force to the magnetostrictive rod deformation, can change the size of nozzle spray hole. The expansion amount of the magnetostrictive rod is 0~0.03mm, the change range of the spray hole diameter is 2~5mm. Terfen01-D curie point temperature up to 600-700K (327-427°C), and the highest temperature of the nozzle within the range of 170-230°C, can guarantee the strength of the magnetic field is not affected by temperature, to ensure that the magnetostrictive rod in magnetic field normal flexibility.
Mixing Device Structure
Mixing device is an important part, it mixed wood powder and adhesive, mainly composed of shell, center pole, agitating blades, gears, power supply and other parts. The power supply drives the gear to rotate, so as to drive the agitating blades on the central pole to start work, then the agitating blades mix wood powder and adhesive. In order to ensure full mixing of powder and adhesive, the shell container of the mixing device is designed to be four cylindrical intersection forms, assurance that each space is used to mix, so that the mixture as completely as possible. Structure as shown in figure 7. 
Powder Conveying Structure
After mixing, the powder conveying device is to ensure that the powder is transported from the mixing device to the nozzle. It is Mainly composing of the pump, suction plunger, suction pipe, suction tube valve, transfer chamber, and so on.
In this design, the spiral extrusion bar mechanism is adopted. It can provide high pressure and high flow rate, which is helpful to control the effect of printing.
In order to simplify the design calculation, the flow calculation formula of the screw extrusion mechanism can be written as a formula (4), without considering the factors of countercurrent flow and leakage flow (Walter D and Niles P,2005; Herman W,2008) .
(4) In this formula: Q for the screw extrusion mechanism of the flow, 100mm 3 /s; D for the screw diameter. n for screw rotating speed, 50r/min; H for the spiral groove depth.
For simplicity, set the pitch diameter of screw S is equal to D, so  =18°.
Set H=K  D, where K is the proportional coefficient, its value is 0.02~0.07.
After calculation, set D=12mm is appropriate.
Adhesive Transfer Structure
Adhesive transfer structure mainly by extruding pipe, pump casing, impeller, shaft, pump suction pipe and so on. The principle is the same as the centrifugal pump, the power element drives the impeller to rotate at appropriate speed, so as to drive the adhesive to rotate. According to the centrifugal force, the adhesive be sucked into the pump casing from suction pipe, then extruded from the tube, and is fed into the mixing device.
RESULTS AND DISCUSSION
For wood 3D printer supplies, there are two aspects need to be considered, one is the choice of wood powder and manufacturing, and the other is the choice of adhesive.
About the wood powder, we can choose the ultra-fine wood powder machine manufacturing powder, its precision is 800 ~1000 mesh. Ultra-fine wood powder machine, also known as the "high fineness of wood powder mill", is used for all kinds of difficult materials, crushing and milling. It greatly improved the fine degree of wood powder, the finest of up to 800 ~1000 mesh, can reach the demand of fine powder. It can produce the general level of powder and superfine powder, suit for a lot of requirements.
The micro nozzle of the wood 3D printer exists a blockage problem normally. It caused by two aspects, incomplete dissolution large granular materials and incorrect operation. If large granular materials cause blockage, the nozzle temperature can be manually adjusted to about 240°C , feeding the mixture in the suction pipe, incomplete dissolution large granular materials would be extruded. Repeated several times, or use 0.5~1mm steel wire to clear the nozzle. Repeat the above operation, problem would be solved.
The parameters of nozzle are shown in table 3, and the printed sample is shown in figure 8 . 
CONCLUSIONS
In this paper, the principle and mechanical design of nozzle system for wood powder 3D printer is studied. First of all, the paper introduces the research results of wood 3D printer from the angle of domestic and international development. Secondly, it analyses and summarizes the main stream of 3D printer nozzle system. Based on the 3DP and FDM technology, the paper designs a kind of 3D printer nozzle system, and introduces its principle and structure. The variable nozzle of wood powder 3D printer, using wood powder as raw material, has the advantages of the organic and environmental protection. Its size of spray hole can be controlled by magnetostrictive material. It also considered the printing efficiency and printing speed.
With the development of modern science and technology, 3D printing technology gradually into the mainstream market, it is widely used in the military field, the science and technology field, the medical field, and so on. The birth of wood printer more to solve the market demand for personalized custom wood furniture. As the key research object of 3D printing technology, the nozzle system will also be developed and improved. 3D printing technology will also bring great development of manufacturing technology, product technology, management technology.
